Exposure to damaging levels of noise is the most common cause of hearing loss and 1 6
1 0 8
Altogether, our findings provide many important protein targets for potential future 1 0 9 therapeutic targeting, to prevention or treat NIHL. Hearing loss induced by short-term noise exposure 1 1 3
We set out to identify the protein mechanisms associated with NIHL. To minimize the 1 1 4
contribution of age-associated factors we perform our analysis using young adult FVB mice 1 1 5 1 3 1 caused severe elevations in threshold levels by DPOAE and ABR to click and tone stimuli.
3 2
Wave I amplitudes were also significantly reduced, and there was minimal recovery of 1 3 3 amplitudes and thresholds after two weeks, indicative of permanent damage (SI Appendix, Noise exposure alters the level of many cochlear proteins 1 3 9
To investigate how excess noise affects the cochlear proteome in TTS and PTS 1 4 0 conditions, we developed a quantitative proteomic strategy using 15 N-metabolically "heavy" 1 4 1 labeled mice. The pooled proteins from multiple 15 N cochleae facilitate accurate 1 4 2 quantification of unlabeled proteins from experimental cochleae, by serving as an internal 1 4 3 standard for global proteome quantitation (26) . In this way, mice exposed to increasing 1 4 4 levels of noise causing NTA, TTS, and PTS remain 14 N and contain "light" proteins, while 1 4 5 unexposed cochleae contain "heavy" proteins. We mixed light and heavy cochlea extracts 1 4 6 1:1, digested the proteins to peptides, and performed multi-dimensional chromatograph 1 4 7 with tandem mass spectrometry (MS/MS)-based proteomic analysis (27) . To control for 1 4 8 3 0 0 each noise exposure condition and revealed that the acute cochlear proteomic responses 3 0 1 differ among three levels of noise intensity. Overall, the number of significant proteins 3 0 2 identified increased with the intensity of noise. Although, our exposure levels were not 3 0 3 expected to physically disrupt or damage individual polypeptides, we detected a large 3 0 4
number of cytoskeletal proteins with consistently increased levels across higher noise 3 0 5
intensities. Cytoskeletal proteins enriched in HCs have been widely studied in hearing 3 0 6
research predominantly due to their important functions in HC stereocilia structure, 3 0 7 cytoskeletal networks, and contractility of outer HCs (40) (41) (42) ANFs swelling or other structural perturbations (45, 46) . We also observed an increase in 3 1 6 the levels of neurofilament proteins, which adds further support to our appreciation of ANFs 3 1 7
as key noise substrates. Additional support for ANFs involvement comes from our GO to be involved with NIHL. Increased levels of many cytoskeletal proteins immediately after 3 2 8 noise exposure may reflect structural impairments or rapid reorganization and turnover.
2 9
Our observation that nearly the entire proteasome has increased levels after noise 3 3 0 highlights the complex stress response triggered by noise exposure. We exposed mice for (57, 58). Our results support and extend these findings, Hspa1a (Hsp72), Hspa1b (Hsp70) 3 5 0 and the HSPs Hsp90aa1 and Hsp90ab1 had significantly increased levels both in TTS and 3 5 1 PTS conditions. The third group of proteins with significantly increased according to noise 3 5 2 stimulation are proteins that are involved in the mitochondrial electron transport chain (59).
5 3
The complex I related protein, NADH: ubiquinone oxidoreductase or NADH dehydrogenase 3 5 4 (Nduf) and complex III related protein, ubiquinol-cytochrome C reductase (Uqcr) had 3 5 5 significantly increased levels in PTS and suggests it is a candidate for superoxide 3 5 6 generation.
5 7
We used two different quantitative MS based methods to investigate changes in 3 5 8 protein levels after TTS and PTS acoustic overexposure. Metabolic stable isotope labelling 3 5 9
provides a very accurate and precise quantitative method both in vitro (60) and in vivo (61).
6 0
Isobaric peptide labeling strategies are also powerful since up to twelve or more samples 3 6 1
can be multiplexed and analyzed in the same MS analysis run (62). We used the TMT 3 6 2 isobaric tags to confirm altered levels of hundreds of proteins from our metabolic labeling-3 6 3 based results. We did not reproduce the precise proteins and levels between the multiple 3 6 4 datasets but the overall patterns and trends between the two strategies are in agreement.
6 5
Similar to any other high throughput analysis method, MS has intrinsic technical challenges molecules. An increase of glutathione related proteins levels correlates well with evidence in 3 9 3
using glutathione to attenuate level of hearing deficit from noise exposure (67, 68). Analysis 3 9 4
of the proteins involved in the recovery process after noise exposure highlighted several 3 9 5 potential mitigators of noise-induced stress such as, Hcls1, Park7 and Gatm (SI Appendix).
9 6
However, the vast majority of the proteins identified in the current investigation have never 3 9 7 before been linked to acoustic injury. Therefore, future studies verifying their functional 3 9 8 involvement in the regulation and prevention of the cochlear response to acoustic 3 9 9
overstimulation are crucially important in providing new insights into the molecular basis of 4 0 0 NIHL which will pave the path of therapeutic discovery in the near future. 
